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REFORMED NATURAL GAS, ACID' MATRIX 
FUEL CELL BATTERIES 

D. Y. C. Ng and D. K. Fleming 

Institute of Gas Technology 
3424 South State Street  

Chicago, Illinois 60616 

INTRODUCTION 

This paper is a condensed report  on the f i r s t  4 yea r s  of the low-temperature 
acid electrolyte fuel cell  program sponsored at the Institute of Gas Technology by a 
group of gas utilities. 
air-breathing fuel cell powered by natural gas. 

The purpose of the program i s  to develop an economical, 

Because methane i s  relatively unreactive electrochemically, this program 
emphasized steam reforming of the natural  gas to a hydrogen-rich fuel for the cell. 
The fuel cell was adapted f rom the hydrogen-oxygen cell to make it operate on dilute 
(and poisoning) reformed natural gas and air. 
i t  i s  compatible with the carbon dioxide that is present i n  the fuel. 

Acid electrolyte was required because 

The program was subdivided into three related technical categories: 

1. 
2 .  
3 .  

These technical a r eas  a r e  discussed below, along with another major point - overall 
fuel cell cost. 

Conditioning of the natural gas fuel 
Electrode catalyst reduction and life evaluation 
Fuel cell stack design and engineering 

HYDROGENGENERATORDEVELOPMENT 

A novel three-stage process  w a s  developed for conversion of low-pressure 
natural gas into a hydrogen-rich fuel suitable for use in acid fuel cells. 
w a s  translated into efficient, integrated, prototype hydrogen generators which pro- 
duced a fuel containing l e s s  than 20 ppm of carbon monoxide. 
equipment has been described in detail in ear l ier  papers. 5' 

The process 

The process and 

Development of the hydrogen generator has been temporarily suspended. Using 
better apode catalysts, other investigators have successfully operated acid fuel cells 
with feeds containing a s  much as 10% carbon momxide at 300°F with little poisoning 
effect. 
for the operation of fuel cells at the more  moderate temperatures that minimize 
corrosion and with electrodes that have a lower platinum content. 

ELECTRODE EVALUATION 

However, the hydrogen generation process  wi l l  probably sti l l  be desirable 

The primary goal of the program was the development of economical fuel cells 

Figure 
operating on reformed natural  gas and air. 
w a s  the pr imary  cost in the acid fuel cell at the beginning of the program.  
1 presents the reduction of the noble metal  content during the 4 years.  
s t a r t  of the program, available electrodes contained 80 mg Pt/sq cm - a catalyst 
utilization of 250 troy oz/kw at obtainable power levels on hydrogen and oxygen. 

The noble meta l  content of the electrode 

At the 
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At the end of 1966, utilization had improved to less  than 1 t r o y  oz/kw while 
operating on reformed natural gas and air. 

Amcrican Cyanamid Company's introduction of thin-screen electrodes at this 
meeting in 19633 and i ts  recent work on lower loading electrodes a r e  apparent in 
Figure 1. 
design, improved operating conditions, and higher power densities. 

The intermediate performance improvements reflect better tes t  cell 
' 

These electrodes have been long-lived. Figure 2 shows the lifetime of one of 
our f i r s t  immobilized phosphoric acid, capillary matrix cells operating at 90°C .  
The performance of this cel l  was relatively constant i f  matrix deterioration is  dis- 
counted. Both electrodes in  this tes t  were American Cyanamid Type AA-1 contain- 
ing 9 mg P t / sq  cm and operating at a 40 ma / sq  cm current  density. 

Table 1 l is ts  the lifetimes and performances of representative small-cell tests. 
Reduced anode loadings do not cause appreciable power loss  with 20-ppm carbon 
monoxide in the dilute fuel, but the tolerance to higher carbon monoxide dosages is 
not yet known. 
a noticeable power reduction. 

The reduced catalyst content a t  the cathode, however, does cause 

Some of the tes ts  listed in Table 1 were shor t - te rm (3 months or less)  because 
the electrodes could not be recovered af ter  dismantling the cell. 
loading electrodes do not separate  readily from deteriorated matr ices .  

Some of the low- 

Moisture management and matrix degradation were the two major problems 
with the small-cell tes ts .  
was electrolyte leaching caused by insufficient moisture removal. 
design and temperature control, the  moisture balance is more  easily maintained. 

The most common mode of failure for these small tests 
With a good cell 

The glass-fiber matrix is slowly attacked by phosphoric acid, changing to a 
The effect of replacing a deteriorated matrix is 

Several other matrix mater ia ls  have been tested without sig- 
We see no clear  solution to the matrix problem at the present 

gel and losing i ts  wet strength. 
evident in Figure 2. 
nificant success. 
time. 

BATTERY ENGINEERING 

The third phase of the low-temperature fuel cell program was the engineering 
and operation of multicell bat tery stacks. 
study of heat and moisture management, proper distribution of dilute fuel and 
oxidant, and other problems of battery operation. 
membrane batteries were presented ear l ier .4  These efforts were abandoned in 
favor of immobilized electrolyte, capillary matrix batteries, which appear to hold 
greater  promise for ultimate cost reduction. 
balances a r e  more cr i t ical  with the matrix battery because of the reduced electrolyte 
inventory. 

This section of the program involved the 

Studies with dual ion-exchange 

However, the heat  and moisture 

Figure 1 includes a line fo r  the catalyst reduction achieved with battery opera- 
tion. Because all stacks operated since 1.964 contained American Cyanamid Type 
AA-1 electrodes (18 mg P t / sq  cm total), the improved catalyst utilization reflects 
improvements in power density only. / 
with the membrane bat ter ies ,  73 .  2 w/sq ft with 0. 25-sq-ft mat r ix  batteries, and 
82. 5 w/sq ft with la rger  mat r ix  batteries. The electrode cost of the batteries lags 

will probably be s imilar  to those of the present  small-cel l  electrode costs when the , i behind that of the tes t  cells by approximately 1 to  1-11,? years  because of electrode 
availability and the need for  preliminary evaluation. 

low-noble-metal-content electrodes a re  operated in multicell stacks. 

The power densities obtained were 48 w / S q  ft 

The battery electrode costs 
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I The basic matrix fuel cell unit i s  similar in all of the sizes tested in this 
program. 
absorbed in Whatman GF-82 glass-fiber paper that i s  25 mils thick. 
this glass -fiber matrix are impregnated with Kel-F to minimize electrolyte leakage 
through the exposed edges of the cell. The fuel compartment i s  enclosed by an 
ethylene-propylene -terpolymer gasket and has interfaces a t  the anode, which is 
adjacent t o t h e  matrix, anda t  the bipolar plate, which i t  shares  with the next cell. 
Fuel flows into the cell from manifold ports in the top edge and over the face of the 
cell .  

Figure 3 shows an exploded view of the cell design. The electrolyte i s  
The edges of I 

Spent fuel i s  exhausted through a single outlet a t  the bottom. The cathode 
compartment is similar.  I 

Matrix cells of this construction a r e  stacked into a battery. The bipolar plate 
acts  a s  a gas separator and a n  electrical connector between the adjacent cells. 
resulting battery i s  electrically connected in ser ies .  
ft cell is  5. 5 x 9. 6 x 0. 100 in. with a 4. 7 x 7. 7 in. active area.  
size is  12 s 13 x 0. 100 in. with a 9. 5-in. -square active area.  
power obtained from the l a rge r  cells, exclusive of end platesand fittings, the unit 
weight of the stack i s  about 15 lb/kw and the unit volume is about 0.18 cu ftlkw. 
design power levels of 55 w/sq ft, the specific weight and volume increase to 22 lb/kw 
and 0. 26 cu ft/kw. Figure 4 i s  a photograph of the components of a single cell. 

The 
The overall size of a 0. 25-sq- 

The larger cell 
Based on the maximum 

At 

The heat and moisture balances within the cell  were studied by computer analysis. 
Par t ia l  differential equations modeling the heat and mass  flows were solved by the 
finite difference technique. 
calculations indicated that the g a s  flow required to  remove the heat generated in the 
cell was an order of magnitude greater than that required to remove the product 
water. 

Fo r  the geometry and operating conditions used, the 

I 

Therefore, t he  excess heat must be removed by a separate mechanism. 

Ethylene glycol circulating through the hollow end plates of five-cell modules 
cools the stack, a s  i l lustrated schematically in Figure 5. 
density, the temperature variation from the center cell to  the end cell of a module i s  
45°F. 
effective thermal conductivity in the direction of current flow is only about 0. 11 Btu/ 
hr - f t - "F  for this geometry. 
low conductivity. 
equilibrium, at  the individual cell temperature, with the gas flows. 

At 100 amp/sq f t  current 

Based on published correlations for heat t ransfer  in a fuel cell battery,' t he  

' 

I 

Each cell i n  the module operates at the acid concentration which is i 
The tortuous path for  heat removal probably causes the 

, 
Cell modules a r e  connected electrically in se r i e s  to produce the desired output. 

Figure 6 illustrates a three-module 
near the end of the reporting period. 
amp of gross current. 

500-watt battery which was successfully operated 
The output of this battery was 7. 6 volts at  70 

#- A typical polarization curve for a five-cell module i s  shown in Figure 7. The 
stack voltage at  100 amp/sq  f t  current density was 3. 3 volts or  0. 66 volt per cell. 
The maximum power output of this stack was 243 watts at 90 amp (144 amp/sq ft). 
70  -amp current, the maximum cell-to-cell deviation was 2. 57'0, although the devia- 
tion was greater a t  higher current densities. Maldistribution was evident at  these 
conditions, as indicated by the nonlinearity of Figure 7. 

I 

At 

d 

The flow distribution ac ross  the face of the cell was checked by assemblying a 
dummy cell  without electrodes. 
flow rate was established, and a small  quantity of hydrogen sulfide w a s  injected into 
the inlet line. 
sulfide is consumed, leaving a dark pattern which indicates the flow regime over the 
face of the cell. 

The matrix was  soaked with lead acetate, the desired,  

The hydrogen sulfide reacts  with the lead acetate until the hydrogen 

1 Gas distribution can also be determined by fuel utilization efficiency curves such 
In this graph, the flow rate  is expressed in multiples of a s  those shown in Figure 8. 

the stoichiometric fuel requirements. Figure 8 indicates that fuel utilizations greater 



than 50% may be expected from this cell design at higher current  densities without 
excessive penalty. 
of these utilization curves closer to the stoichiometric fuel requirements. 

However, the design should be improved to displace the knee 

FUEL CELL COSTS 

The basic r a w  material  costs of fuel cell  batteries and tes t  cells operated in 
this program a r e  tabulated below a s  a function of date. 

Table 2. BASIC MATERIAL COSTS OF IGT 
LOW-TEMPERATURE FUEL CELLS AND BATTERIES 

Component Jan. 1963a March 1964b April 1965' March 1966d Dec. 1966e 

Precious 
Metal 

(catalyst) 23, 000 2,800 1,520 775 80 

Electrode 
Screen 23,000 141 79 4 0  57 

Bipolar 
Plates 1, 140 

Membranes 385 

Gaskets, etc. 53 

230 

3 60 

50 

.128 65 

220 - -  
. 28 10 

93 

-- 
14 

a 

bImproved IEM battery, 20 w/sq f t  with American Cyanamid AA-1 electrodes. 

13-cel1, 0.25-sq-ft IEM battery with American Cyanamid AA-1 electrodes at  

d5-cell, 0. 25-sq-ft matr ix  battery with American Cyanamid AA-1 electrodes at  

e4-sq-in. matrix cell using an  American Cyanamid BA-1/4 anode and BA-2C 

Original IEM battery, 18. 7 wlsq f t  with 72 g l sq  f t  electrodes on Pt gauze. 

C 

35. 5 wlsq ft. 

72  w/sq f t .  

cathode a t  50 w/sq ft(estimated). 

Table 2 l is ts  basic mater ia l  costs only and does not include the value added by manu- 
facture. 
At the present state of development, the  value of the other metallic components of 
this cell  i s  greater  than that of the catalyst. 
reduced, the fuel cell should soon become an  economic reality. 

The reduction in catalyst cost, in  line with Figure 1, has  been significant. 

If these subsidiary costs can be 

The  fuel cell catalyst costs do not require  further reduction. The range of 
$100/kw i s  probably less than required for  an economic fuel cell  because the 
platinum catalyst i s  not destroyed in the cell  operation. 
may be recovered for a nominal charge (similar to current  practice with petroleum 
ref inery catalysts), the platinum is essentially nondepreciable. In addition, the 
platinum i s  a highly fluid asse t  and may be used a s  collateral for low-interest bonds. 
Under gas industry economics, the annual costs for  this catalyst should be about 
7%. Figure 9 presents  the annual charge, including platinum recovery,  for several  
electrode combinations. The assumption has  been made that the peak power density 
currently obtainable with these platinum loadings will be the future design basis. 

Since the catalyst values 
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Figure 9 illustrates that the t rue  annual cost of the catalyst is low and that 
higher catalyst loadings may be possible, depending on the overall economics of 
the system. 
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.@re 4. VIEW OF 0.63-sq-ft  CELL COMPONENTS 

Figure 5. SCHEMATIC REPRESENTATION OF MODULAR C E L L  COOLING 

__ 



Figure 6. TEST STATION WITH 500-WATT h4ATRIX FUEL CELL BATTERY 
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Figure 9. ANNUAL CATALYST COST FOR ELECTRODE CONDITIONS: 
Platinum at $90/troy oz 
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